Each year surface mining in Appalachia disrupts large areas of forested land. The Surface Mining Control and Reclamation Act requires coal mine operators to establish a permanent vegetative cover after mining, and current practice emphasizes soil compaction and planting of competitive forage grasses to stabilize the site and control erosion. These practices hinder recolonization of native hardwood trees on these reclaimed sites. Recently reclamation scientists and regulators have encouraged re-establishment of hardwood forests on surface mined land through careful selection and placement of rooting media and proper selection and planting of herbaceous and tree species. To evaluate the effect of rooting media and soil amendments, a 2.8-ha experimental plot was established, with half of the plot being constructed of weathered brown sandstone and half constructed of unweathered gray sandstone. Bark mulch was applied to an area covering both sandstone types, and the ends of the plot were hydroseeded with a tree-compatible herbaceous seed mix, resulting in eight soil treatments. Twelve hardwood tree species were planted, and soil chemical properties and tree growth were measured annually from 2007 to 2012. After six growing seasons, average tree volume index was higher for trees grown on brown sandstone (5333 cm ). Hydroseeding with a treecompatible mix produced greater ground cover (35 vs. 15%) and resulted in greater tree volume index than nonhydroseed areas (5809 vs. 3403 cm 3 ). Soil chemical properties were improved by mulch and improved tree growth, especially on gray sandstone. The average pH of brown sandstone was 5.0 to 5.4, and gray sandstone averaged pH 6.9 to 7.7. The mulch treatment on gray sandstone resulted in tree growth similar to brown sandstone alone and with mulch. After 6 yr, tree growth on brown sandstone was about double the tree growth on gray sandstone, and mulch was a successful amendment to improve tree growth.
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Lindsay Wilson-Kokes, Curtis DeLong, Calene Thomas, Paul Emerson, Keith O'Dell, and Jeff Skousen* S urface coal mining in Appalachia disturbs hundreds of hectares of land every year, removing valuable and ecologically diverse eastern deciduous forests (Emerson et al., 2009 ). The U.S. Office of Surface Mining reports that over 600,000 ha of land have been disturbed in the eastern United States since the enactment of the Surface Mining Control and Reclamation Act in 1977 (USOSM, 2008) . There are 215 active surface mines in West Virginia in 24 counties, which produced 50,300,414 tons of coal in 2011 (West Virginia Coal Association, 2011) .
In 1977, the Surface Mining Control and Reclamation Act (SMCRA) was developed and enacted in part because of growing concerns about environmental and safety issues with surface mining. The SMCRA mandates standards for coal operators to meet before, during, and after mining operations, including restoring the land to its approximate original contour, minimizing disturbances to the hydrologic system, reclaiming the land in a timely manner, and establishing a permanent vegetative cover (Public Law 95-87, 1977) . After the passage of SMCRA, coal mine operators began planting a variety of grasses and legumes as a fast and economical way to re-establish a permanent vegetative cover to meet erosion and site stabilization requirements. Aggressive forage species such as Kentucky-31 tall fescue (Festuca arundinacea Schreb), red clover (Trifolium pretense L.), sweetclover [Melilotus officinalis (L.) Lam.], and sericea lespedeza (Lespedeza cuneata L.) were commonly planted during reclamation due to their tolerance of low-fertility soils and their ability to create a dense ground cover (Emerson et al., 2009; USDA-NRCS, 2012) . However, excessive soil compaction due to backfilling with heavy equipment and herbaceous competition from aggressive species created unsuitable conditions for re-establishing forests on mined lands (Rodrigue and Burger, 2004) . Still, if the land was not maintained as grassland through management, the natural processes of ecological succession eventually caused shrubs and trees to recolonize the site. Decades after mining has ceased, pioneer tree species, such as big-toothed aspen (Populus grandidentata Michx.), black birch (Betula lenta L.), black locust (Robinia psuedoacacia L.), Devil's walkingstick (Aralia spinosa L.), pin cherry (Prunus pensylvanica L. f.), and red maple (Acer rubrum L.), have colonized disturbed areas and gradually gave way to climax species such as northern red oak (Quercus rubra L.), black oak (Quercus velutina L.), sugar maple (Acer saccharum Marsh.), and American basswood (Tilia americana L.) (Skousen et al., 1994 (Skousen et al., , 2006 .
Reclamation scientists have recently encouraged the re-establishment of hardwood forests on surface-mined land through careful selection and placement of rooting media and proper selection and planting of herbaceous and tree species (Burger et al., 2007) . The Appalachian Regional Reforestation Initiative (ARRI) was initiated by the Office of Surface Mining, with cooperation from several state agencies and university researchers, to plant more hardwood trees, which have economic value over time, on active and abandoned coal mined lands. The practice of planting hardwood trees to restore a forest enhances wildlife habitat, promotes soil and water conservation, increases timber value, and provides an economically valuable postmining land use for the landowner (Burger, 2009; Larkin et al., 2008) . The ARRI Statement of Mutual Intent recommends using current Forestry Reclamation Approach (FRA) technology. The five FRA steps are (Burger et al., 2005) (i) create a suitable rooting medium for tree growth, (ii) loosely grade the topsoil or topsoil substitute, (iii) seed a tree compatible ground cover, (iv) plant early successional tree species and commercially valuable crop trees, and (v) use proper tree planting techniques. These techniques increase survival and the growth rates of trees, enrich overall productivity, and promote natural colonization and succession of plant and wildlife communities (ARRI, 2012; Zipper et al., 2011) .
Regulations for forestry and commercial forestry postmining land uses in Appalachia require the replacement of topsoil materials or suitable substitutes . Natural soils are often too shallow to recover or are lost during preliminary excavation to be saved, stockpiled, and redistributed during reclamation (Torbert et al., 1990; Emerson et al., 2009) . In much of Appalachia, the predominant overburden rock type is sandstone. When overburden is removed to access the coal, two general types of sandstone are revealed: brown sandstone, which is weathered, contains little pyrite and siderite, and is moderately acidic, and gray sandstone, which is unweathered, potentially contains high levels of pyrite and/or calcareous material, and is slightly to moderately alkaline (Emerson et al., 2009) .
Studies have shown that selecting the appropriate material from the overburden to create mine soils is important when forestry is the postmining land use. Fine-textured soils that develop from siltstone and shale contain elevated levels of soluble salts that can negatively affect the growth and survival of tree seedlings (Torbert et al., 1988; McFee et al., 1981) . Trees prefer looser and more coarse-textured sandy loam soils (McFee et al., 1981) . Torbert et al. (1990) reported that sandstonederived mine soils produced five times more stem volume than siltstone-derived mine soils. Showalter et al. (2010) showed that weathered sandstone was more conducive to native hardwood tree growth than unweathered sandstone or unweathered shale. It was concluded that the lower pH and higher water retention of the weathered sandstone soils were major contributors to better tree growth. Emerson et al. (2009) found that growth volume index was significantly greater on brown sandstone than gray sandstone, but after only 3 yr there was not enough evidence to conclude which sandstone type would sustain healthy tree production for an extended period.
The ARRI recommends using weathered brown sandstone mixed with premining forest soil during reclamation to achieve a depth of at least 1.2 m (4 ft) to optimize tree survival and growth. If inadequate quantities of weathered brown sandstone and forest soil are available for spreading on the surface, the ARRI recommends mixing unweathered gray sandstone with the available weathered brown sandstone and/or forest soil .
The application of soil amendments to reclaimed mine sites can improve tree growth. Mulch deters erosion, provides soil nutrients, protects seeds and seedlings, and retains moisture for plant uptake (Conrad et al., 2008) . Angel et al. (2006) found that the addition of organic soil supplements (hardwood bark mulch and composted straw and manure) improved tree growth by adding nutrients to the soil. Showalter et al. (2010) found that the addition of forest topsoil to unweathered shale improved the growth of native hardwood trees. In addition to providing soil nutrients, the application of soil amendments such as mulch to mine soils may reduce levels of iron by forming metal complexes with the organic matter (Harman et al., 2007) .
The planting of herbaceous ground cover on mined soils can impede the growth and survival of tree seedlings (Rodrigue and Burger, 2004) . The FRA recommends using tree-compatible ground cover such as birdsfoot trefoil (Lotus corniculatus L.), ladino clover (Trifolium repens L.), redtop (Agrostis gigantea Roth), and perennial ryegrass (Lolium perenne L.) when reforestation is the assigned postmining land use to minimize soil moisture competition and to allow for sufficient light penetration for tree seedling growth (Fields-Johnson et al., 2010; Franklin et al., 2012) . Vogel (1973) reported that tree growth on legume-dominated plots exceeded tree growth on grass-dominated or nonhydroseeded plots in Kentucky after the fourth growing season. Fields-Johnson et al. (2010) reported a higher tree survival rate in areas seeded with a tree-compatible mix versus a conventional aggressive forage mix.
The objectives of this study were to determine the effects on tree growth of applying soil amendments to topsoil substitutes. Twelve hardwood tree species were transplanted on weathered brown sandstone and unweathered gray sandstone with and without bark mulch and hydroseed treatments. Over a 6-yr period, tree growth, herbaceous cover, and soil chemical properties were determined on all treatment combinations.
Materials and Methods
The study site is located near Cowen, West Virginia in Webster County on a 1620-ha mine site operated by Arch CoalBirch River (38°25¢31.74¢¢ N, 80°36¢39.74¢¢ W; mean sea level elevation 775 m). In November 2006, a 2.8-ha experimental plot was established using brown and gray sandstone. Half of the plot was constructed with approximately 1.5 m of brown sandstone and the other half with approximately 1.5 m of gray sandstone. Measures were taken to limit compaction via one pass of the bulldozer, which resulted in a 1.2-m depth of roughly graded material throughout the plot. The following spring of 2007, a 15-cm layer of bark mulch was applied to a small area of both sandstone types (Fig. 1 ). Twelve tree species were then planted on 2.65-m centers by a professional planting crew for a stocking rate of 1430 trees ha -1 (Table 1) . Trees were purchased from local nurseries as 2/0 planting stock by the commercial tree planting company. In the fall of 2007, both ends of the plot were hydroseeded with a mix of tree-compatible herbaceous vegetation at a rate of 36 kg ha -1 (Table 2 ) and then fertilized with 10-20-10 NPK at a rate of 336 kg ha -1
. Overall, eight treatments were created (Table 3) .
Tree volume index and survival were determined with the use of 11 2.7-m-wide transects spanning the width of the plot. All trees within the 2.7-m-wide transect were identified and measured for height and diameter. Tree height was measured to highest live growth, and diameter was measured at 2.5 cm above the soil surface. Tree growth was assessed using a tree volume index with the following formula (Emerson et al., 2009) Percent tree survival was determined by finding the difference between the number of trees sampled in the first year (2007) and the last year of measurement (2012). Percent ground cover of herbaceous plants and bare soils/ rocks were evaluated in 1-m 2 quadrats, which were placed at five randomly selected points within each transect in each treatment. Each of the categories was visually estimated to the nearest 5%.
Soil samples were collected from the top 15 cm at four randomly selected points along transects within each treatment type every year beginning in 2008. The collected soil samples were air dried, weighed, and sieved to pass through a 2-mm screen. The fine soil fraction (<2 mm) was used to determine pH, extractable nutrients, and electrical conductivity (EC). Soil pH was determined using 5 g of soil with 5 mL of distilled deionized water with a Fisher Scientific Accumet pH meter model 915 (Thermo Fisher Scientific Inc.). Electrical conductivity was determined using a 1:2 mixture comprised of 5 g of soil and 10 mL of distilled deionized water on an S230 EC Meter (Mettler-Toledo International Inc.). Extractable nutrients were determined using a Mehlich 1 extracting solution (0.025 mol L -1 H 2 SO 4 + 0.05 mol L -1 HCl). The extracted solution was analyzed for potassium, calcium, magnesium, manganese, phosphorus, iron, aluminum, and zinc using a PerkinElmer Optima DV 2100 emission spectrophotometer (PerkinElmer Corp.).
Data for tree volume index were analyzed using a General Linear Model to compare sandstone type, amendment, interactions, and species. Tukey's honest significant difference was used to separate treatment means at p ≤ 0.05. Tree volume index data contained unequal variances, so volume data were log transformed to equalize the variances. Ground cover data were analyzed by one-way ANOVA by treatment combination, and Tukey's tests was used to separate means at a level of p ≤ 0.05. Soil data were analyzed by one-way ANOVA by treatment combinations within year for pH, EC, extractable elements, and percent fines. Tukey's test was used to determine significant differences at a level of p ≤ 0.05. All statistical analyses were performed using the statistical program R (R Development Core Team, 2012).
Results and Discussion

Tree Growth and Survival
Analysis of variance indicated significant differences for all main effects. Brown sandstone treatments had a significantly higher mean tree volume index (5333 cm 3 ) than gray sandstone (3031 cm 3 ) ( Table 4 ). The mean tree volume index on mulched treatments was significantly higher at 6187 cm 3 than nonmulched treatments with an index of 4194 cm 3 . Treatments that received a hydroseed application had a mean tree volume index of 5809 cm 3 , whereas trees grown on nonhydroseeded treatments averaged 3403 cm 3 . Similar studies comparing the two types of sandstone reported that weathered brown sandstone supported faster growth and produced greater tree volumes than trees grown on unweathered gray sandstone (Angel et al., 2008; Emerson et al., 2009) . Angel et al. (2006) found that mine spoils amended with mulch produced greater tree height growth than nonamended mine spoils. On mulched treatments, underlying sandstone type does not appear to have a significant effect on tree growth. Tree volume indices on brown-mulch treatments were very similar to those on gray-mulch treatments (Table 4) . It is possible that the young trees were predominantly relying on the mulch as the growth medium. Sandstone type will eventually influence tree growth more as the mulch decomposes and the roots grow into the underlying topsoil substitute.
For treatment combinations, the gray sandstone only and gray sandstone with hydroseed treatments displayed the poorest overall tree volume indices (818 and 1663 cm 3 , respectively) ( Table 4 ). Mulch application on gray sandstone yielded tree volume indices that were statistically similar to tree volume indices measured on all brown sandstone treatment combinations at p < 0.05 (Table 4 ). This trend was evident in the 2011 growing season and continued to hold true for the 2012 growing season (Table 5) . Furthermore, the brown-mulchhydroseed treatment had nearly the same tree volume index as the gray-mulch-hydroseed treatment (Table 4) .
Average tree survival was slightly higher on brown sandstone treatments (83%) compared with gray sandstone treatments (72%) ( Table 4) . Average tree survival on mulched treatments was 81%, compared with 78% on nonmulched treatments. Average tree survival on hydroseed treatments was 82%, whereas nonhydroseed treatments averaged 76%. In general, main treatment effects (sandstone type, mulch, and hydroseeding) did not influence overall tree survival. However, combinations were quite different with brown-mulch, gray-mulch-hydroseed, and gray-hydroseed having 100% tree survival. Gray sandstone alone and gray-mulch treatments had 61 and 49% survival, respectively.
Black locust (Robinia psuedoacacia L.) and Eastern redbud (Cercis canadensis L.) had the highest survival rates at 100%, followed by black cherry (Prunus serotina Ehrh.) with 94% (Table 4) . Sugar maple (Acer saccharum Marsh.) and American sycamore (Platanus occidentalis L.) had the lowest survival rates at 47 and 50%, respectively. For individual tree species, black cherry had the highest average tree volume index at 6971 cm 3 . Black cherry is an early-successional species that grows on a wide range of sites and has the potential to establish rapidly on disturbed sites (Hicks, 1998) . Although black cherry can tolerate a variety of soil conditions, it prefers deep, well-drained soils.
Black locust had the second highest average volume index at 6620 cm 3 (Table 4 ). Black locust is another early-successional tree that has repeatedly performed well on mined lands (Emerson et al., 2009; Miller et al., 2012) . Its excellent performance on mined land is most likely due to its ability to grow on a variety of soil types and its tolerance to a pH range of 4.6 to 8.2 (Huntley, 1990) . Black locust is ecologically important to forest ecosystems because it provides shelter for many animals as well as food for mammals and birds (Larkin et al., 2008) . Black locust also serves as a nitrogen fixer, which can be beneficial to drastically disturbed lands with marginally available nutrients.
Sugar maple displayed the worst growth of all species with an average volume index of 417 cm 3 . Sugar maple has consistently exhibited poor growth across all treatment combinations in this study. Miller et al. (2012) reported that sugar maple grew poorly on both brown sandstone and gray sandstone mine spoils. Although sugar maple trees can tolerate a pH range of 3.7 to 7.3, they grow best on deep, moist, well-drained, fine-textured soils with pH 5.5 to 7.3 (Emerson et al., 2009 ).
All tree species showed a wide range of volume indices among treatment combinations. Black locust had wide variation for average volume index across treatments (range, 121-9250 cm 3 ) (Table 6 ), but so did black cherry (range, 64-7380 cm 3 ). White pine had good growth on all but gray sandstone alone. Sugar maple generally showed low volume index in all treatments (Table 6 ).
Due to the planting technique by the professional crew, tree species were unevenly distributed within treatments. This uneven distribution could have misrepresented tree growth in specific treatment combinations because some trees grew larger than others (Table 7) . If larger growing trees were planted more frequently and were overrepresented in a particular treatment combination, the average volume index for that particular treatment combination may have been significantly higher than another because it had larger growing trees within its boundaries. For example, black locust, one of the largest growing trees, had much higher numbers planted in the brown treatment (n = 11-94), whereas fewer trees were found in gray treatments (except for gray-hydroseed) ( Table 7) . This would result in a conclusion that the brown substrate had a higher volume index not because of better growth conditions but due to more numerous large black locust trees being present in the plot. A better comparison across treatment combinations to show treatment effects may be to look at individual species with similar numbers across treatments, such as black cherry and red oak. With black cherry, 36a  27a  50a  27a  48a  14a  17a   2009  218ab  299a  507a  293abc  30c  218ab  63bc  40c  2010  582ab  1047a  705abc  712a  72d  765ab  182bcd  229cd   2011  2086a  2929a  2044a  1687a  248b  1852a  1077a  163b  2012  3316ab  5563a  7717a  6243a  818c  4897a  7334a 1663bc † 2008 to 2011 data are from DeLong (2010) and Thomas (2012) . ‡ See Table 3 for treatment descriptions. § Means for each volume within rows (years) with the same letter are not significantly different at p < 0.05.
all treatments with brown sandstone and gray-mulch and graymulch-hydroseed showed the greatest volume index (Table 6) . For red oak, the same treatments of brown sandstone and graymulch showed the greatest volume index. With white pine, all treatments except gray sandstone alone gave good tree growth.
Ground Cover
Traditionally, herbaceous vegetation is thought to outcompete tree seedlings for nutrients, water, and solar energy when herbaceous species are aggressive and/or seeded at high densities (Fields-Johnson et al., 2010) . However, when treecompatible species such as birdsfoot trefoil (Lotus corniculatus L.) and ladino clover (Trifolium repens L.) are seeded, they can benefit tree seedling growth by reducing evapotranspiration, shading the soil surface, and increasing the soil water-holding capacity through adding organic matter to the soil via root decay (Franklin et al., 2012) . Treatments with both mulch and hydroseed had significantly higher total cover percentages, with 53% for brown and 56% for gray than other treatments (Table  8 ). Gray sandstone only had the lowest average total ground cover at 11%, whereas all other treatment combinations averaged 30 to 42% total ground cover (Table 8) .
Soil
The pH values for nonmulched brown sandstone treatments had the lowest mean values of all treatment combinations (5.0 for brown and 5.4 for brown-hydroseed) ( Table 9 ). All gray sandstone treatment combinations and the brown-mulch treatment were statistically similar at the p < 0.05 level and ranged in value from 6.9 to 8.0 (Table 9 ). The brown-mulchhydroseed treatment had the lowest pH (6.3) of all mulched treatments and was statistically similar to the nonmulched brown sandstone treatments (Table 9 ). Mulched treatments have continually exhibited elevated pH values because of the presence of limestone gravel in the mulch. Limestone gravel is commonly added as an aggregate on log landings and becomes incorporated into the mulch as it is weathered and broken by traffic on the log landing at the sawmill.
The mean pH ranges for nonmulched brown sandstone treatments in this study fell within the typical range for weathered sandstones (pH 4.5-5.5), whereas the nonmulched gray sandstone treatments ranged from slightly below to well within the typical range for unweathered sandstones (pH 7.5-8.0) (Emerson et al., 2009; Haering et al., 2004) . Average pH values have fluctuated slightly over the years since this study began in 2007. Black cherry  7380  2344  366  3516  377  6988  7825  64  6971   Black locust  3528  5228  1583  9250  2155  4913  121  2003  6620   Redbud  5492  1625  ---1249  --2789   Red oak  3612  2440  1594  2020  361  3503  726  16  1949   Sugar maple  480  477  488  460  93  633  -43  417   Sycamore  2674  -3828  2412  8784  -1789  208  4957   Tulip-poplar  4948  1981  -4203  605  3001  3330  149  5962   White ash  2508  3904  790  1121  932  2056  -1262  1897   White oak  2180  3749  1094  1340  114  1067  3104  111  1495  White pine  4073  1931  6896  2424  629  4358  4586  5372 2762 † Diameter measured at 2.5 cm above soil surface. ‡ See Table 3 for treatment descriptions. The 2008 electrical conductivity (EC) values were higher for mulch treatments, again due to the presence of limestone in the mulch. For 2012, EC values on all treatments had not declined substantially, with average ECs ranging from 0.06 to 0.37 dS m -1 (Table 9 ). All EC values were <0.5 dS m -1
, well below the level at which sensitive species such as sugar maple and white pine experience reduced tree growth and survival. Values of >2 dS m -1 have been shown to have detrimental effects on plant growth (McFee et al., 1981; Whiting et al., 2010) .
Percent fines across treatment combinations were not significantly different except for gray hydroseed treatment. Average percent fines for gray-hydroseed were 25%, whereas percent fines ranged from 40 to 63% for all other treatment combinations (Table 9) . Although there was little statistical difference in percent fines among treatments, the nonmulched gray sandstone treatments continued to have a lower percentage of percent fines than nonmulched brown sandstone treatments over the course of this study. Miller et al. (2012) found that gray sandstone rocks exhibited a higher durability in a slake-durability test and were highly resistant to weathering during the freezethaw test. Zipper et al. (2011) reported that soils derived from gray sandstone would continue to have coarse fragments as they age because of resistance to degradation. High percentages of coarse fragments have reduced water-holding capacities, which can negatively influence a site's productivity and tree growth (Rodrigue and Burger, 2004) .
Extractable calcium concentrations were significantly higher in treatments with mulch applications than in treatments without mulch application. For mulched treatment combinations, average calcium concentration ranged from 41 to 78 cmol c kg -1 , compared with 3 to 6 cmol c kg -1 on nonmulched treatments (Table 10 ). The high concentrations of extractable calcium in the mulched treatments are most likely due to the limestone gravel that was incorporated into the mulch at the sawmill. A negative effect of high calcium concentration in the mulched treatments is that phosphorus may be bound with the calcium to create Ca-P complexes, rendering phosphorus unavailable to plants (Lopez-Bucio et al., 2000) or making it less available due to high pH. Overall, calcium concentrations for nonmulched treatments have declined since 2008 even in gray sandstone treatments, which initially had higher concentrations than brown sandstone treatments. 
Cover
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In the last year of observation (2012), aluminum, iron, phosphorus, and zinc concentrations were significantly lower in mulched treatments than in nonmulched treatments, with the exception of the brown-mulch-hydroseed treatment. Aluminum concentrations were nondetectable in the gray-mulch and graymulch-hydroseed treatments (Table 10) . Iron concentrations ranged from 5 to 22 mg kg -1 in the gray-mulch and in the brownmulch treatments (Table 10 ). Phosphorus concentrations ranged from 2 to 4 mg kg -1 and zinc concentrations averaged 1 mg kg
in both gray-mulch treatment combinations and in the brownmulch treatment (Table 10 ). The brown-mulch-hydroseed treatment had extractable nutrient concentrations that were statistically similar to extractable nutrient concentrations found in brown sandstone only and in the brown-hydroseed treatments. Aluminum concentrations in all brown treatments ranged from 412 to 489 mg kg -1
, whereas aluminum concentrations in gray and gray-hydroseed treatments ranged from 51 to 85 mg kg -1 (Table 10 ). Iron concentrations were statistically similar in nonmulched treatments and in the brown-mulch-hydroseed treatment (104 to 280 mg kg -1 ) (Table 10) . It is possible that aluminum, iron, and zinc are forming humic substance-metal complexes, which reduce the concentration of exchangeable metals, but the high soil pH of mulch treatments also reduces metal availability. Thomas (1975) found that increases in soil organic matter resulted in a significant reduction in exchangeable aluminum and therefore inferred that any lack of deleterious effects on plant growth was due to humic substancemetal complexations that removed aluminum and other toxic metals from the soil solution.
The brown-mulch-hydroseed treatment did not exhibit soil chemical properties similar to other mulched treatments. The 2012 growing season was the first instance since this study began in 2007 that a mulched treatment began to show characteristics of its underlying sandstone type. By 2012, the EC and pH values decreased in this treatment and began to resemble values measured in the nonmulched brown sandstone treatments. Extractable aluminum, iron, phosphorus, and zinc concentrations greatly increased and were similar to the elemental concentrations of nonmulched brown sandstone treatments. Although the soil chemical properties of this treatment appeared to have taken on the features of the underlying sandstone substitute material, there were no evident advantageous or deleterious effects to tree growth. Future monitoring will provide better details as to how the underlying sandstone will effect tree growth.
Conclusions
Sandstone type, mulch application, and hydroseed application greatly influenced tree growth. Brown sandstone produced greater tree volume indices than gray sandstone (5333 vs. 3031 cm 3 ) and showed after 6 yr that it is a more suitable topsoil 2008  8cd §  7abcd  14abc  2d  6bcd  19ab  25a  10abc   2012  3a  9a  7a  4a  4a  7a  7a Ca   2008  5de  26bc  81ab  2e  7cd  57ab  92a  13cd   2012  3b  78a  41ab  4b  4b  72a  65a  6b ---------------------------mg kg -1 ---------------------------Al Table 3 for treatment descriptions. § Means for each treatment combination within rows with the same letter are not significantly different at P < 0.05.
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substitute than unweathered gray sandstone when forestry is the assigned postmining land use. Mulch application significantly altered the brown and gray sandstone chemical properties in a way that masked the features of the underlying sandstone, with the exception of the brown-mulch-hydroseed treatment. By 2012, this treatment displayed soil chemical properties that resembled its sandstone substitute material. However, this shift in chemical properties did not appear to influence overall tree volume index. Topsoil substitutes amended with bark mulch supported healthy tree growth and may be an advisable reclamation method for reforestation if suitable quantities could be found for reclamation. Hydroseed application with the species and rates used in this study did not inhibit tree growth but had positive effects on tree volume index.
